Purpose: To compare pain scores of patients during intravitreal 27-gauge bevacizumab and 30-gauge ranibizumab injection procedures. Methods: Seventy eyes of 70 patients who had not previously undergone intravitreal anti-vascular endothelial growth factor therapy were included in this study. Thirty-five patients received ranibizumab and 35 patients received bevacizumab. The diagnoses of the patients were: 27 age related macular degeneration, 15 diabetic macular edema, 9 diabetic vitreous hemorrhage, 6 central retinal vein occlusion, 11 branch retinal vein occlusion and 2 central serous chorioretinopathy. Bevacizumab (1.25 mg/0.05 mL) was injected into the vitreous cavity using a 27-gauge needle, and ranibizumab (0.5 mg/0.05 mL) was injected with 30-gauge needle. Patients were asked just after the injection to rate their perceived pain during the injection using the visual analogue scale (VAS) of 0 (no pain) to 10 (unbearable/ worst pain). The average of these scores was used as the primary outcome. Results: The VAS pain scores in the ranibizumab and bevacizumab groups were 1.06 ± 0.91 (range, 0 to 3) and 1.94 ± 1.55 (range, 0 to 7), respectively, a significant difference (p = 0.005). Patients <65 and ≥65 years of age in both the ranibizumab and bevacizumab groups were then compared. For patients <65, there was a significant difference in the average VAS pain scores between groups (p = 0.003). However, for patients ≥65 years, there was not a significant difference in the average VAS pain scores between groups (p = 0.238). Female and male patients in both ranibizumab and bevacizumab groups were also compared. For female patients, there was a significant difference in the average VAS pain scores between groups (p = 0.016), although not for male patients (p = 0.078). Conclusions: Thirty-gauge intravitreal injection is more comfortable than 27-gauge injection. Injection of bevacizumab with 30-gauge needle syringes may be more tolerable for patients.
Recent clinical trials regarding intravitreal injection of anti-vascular endothelial growth factor (VEGF) agents have shown excellent results in the treatment of intraocular neovascular disorders, macular edema, neovascular glaucoma and various corneal neovascular diseases [1] [2] [3] [4] . Over the past decade, intravitreal injection of anti-VEGF agents have gained tremendous acceptance among retinal special-ists and become one of the most common intraocular procedures [5] . Minimizing patient pain is critical during intravitreal injection. Patient discomfort at the time of injection can lead to sudden movements of the eye, which can be associated with intraocular complications. In addition, patients with diseases such as cystoid macular edema and age-related macular degeneration that require multiple intravitreal injections may be less likely to continue intravitreal injection after a bad experience [6] .
Bevacizumab and ranibizumab are currently the most commonly used anti-VEGF agents. Ranibizumab (Lucentis; Genentech, San Francisco, CA, USA), a fragment of a humanized monoclonal antibody against all VEGF isoforms, is prepared as a single-use glass vial designed to provide 0.05 mL for intravitreal injection with a 30-gauge needle [3] . Bevacizumab is a humanized monoclonal antibody that binds all isoforms of VEGF and interferes with receptor binding to inhibit its signal [2] . Currently, intravitreal injection of bevacizumab is off label and does not have any commercially available form. For clinical use, it has been dispensed into single-use syringes with 26-to 30-gauge needles [7, 8] .
Despite the common use of intravitreal injections, there have been only a few studies that have investigated injection-related pain [8, 9] . Thus, the aim of this study was to compare pain scores of patients during intravitreal 27-gauge bevacizumab and 30-gauge ranibizumab (Lucentis) injection procedures.
Materials and Methods
This prospective, interventional, non-randomized, comparative study was carried out at Department of Ophthalmology, Adıyaman University. All procedures followed the Declaration of Helsinki, and written informed consent was obtained from all patients. They were all informed of the off-label use of the bevacizumab and its potential risks and benefits.
Seventy eyes of 70 patients who had not previously undergone intravitreal anti-VEGF therapy were included in this study. Exclusion criteria were history of previous eye surgery other than for cataract, herpetic eye disease, glaucoma, uveitis, active conjunctivitis, keratitis and bullous keratopathy. Patients with poor cooperation in using the visual analogue scale (VAS) and/or using systemic analgesics or sedative medications were also excluded.
Thirty-five patients received ranibizumab and 35 patients received bevacizumab. Patients were first given topical anesthetic proparacaine 0.5% (Alcaine, Alcon-Couvreur, Puurs, Belgium) and povidone-iodine 5% drops. After 5% povidone-iodine was applied to the operating field, an eyelid speculum was positioned in order to stabilize the eyelids. Injections were performed one minute after instillation of the proparacaine drop. Bevacizumab (1.25 mg/0.05 mL) was previously dispensed into single-use 27-gauge needle syringes using an aseptic technique and was injected into the vitreous cavity through the pars plana at the inferotemporal quadrant, 3.5 to 4.0 mm posterior to the limbus. Ranibizumab (0.5 mg/0.05 mL) was injected with a 30-gauge needle using the same method. All injections were performed in the operating room.
Patients were asked just after the injection to rate their perceived pain during the injection on a VAS of 0 (no pain) to 10 (unbearable/worst pain). The average of these scores was used as the primary outcome.
Statistical analyses
A Mann-Whitney U-test was used to compare the VAS values, and an independent sample t-test was used to compare the ages between the two groups. Sexes were compared with a chi-square test. A p-value less than 0.05 was considered statistically significant.
Results
The diagnoses of the patients in the study are summarized in Table 1 . The mean age was 60.43 ± 12.13 (range, 42 to 83) in the ranibizumab group and 64.86 ± 10.04 (range, 41 to 81) in the bevacizumab group. The mean age of the groups was similar ( p = 0.151). In the ranibizumab group, 16 patients were male and 19 were female. In the bevacizumab group, 18 patients were male and 17 were female. The sex distribution between groups was also similar ( p = 0.811). The VAS pain scores in the ranibizumab and bevacizumab groups were 1.06 ± 0.91 (range, 0 to 3) and 1.94 ± 1.55 (range, 0 to 7), respectively ( Fig. 1) , a significant difference ( p = 0.005).
Patients were divided into two groups according to age: <65 and ≥65 years [9] . In the ranibizumab group, 16 patients were <65 and 19 patients were ≥65. There was not a significant difference in the average VAS pain scores between groups ( p = 0.145). The VAS pain scores in the younger and older groups were 0.81 ± 0.91 and 1.27 ± 0.87, respectively. In the bevacizumab group, 14 patients were <65 and 21 patients were ≥65. There was not a significant difference in the average VAS pain scores between groups ( p = 0.339). VAS pain scores in younger and older groups were 2.29 ± 1.49 and 1.76 ± 1.61, respectively.
Patients <65 years of age in both the ranibizumab (16 patients) and bevacizumab (14 patients) groups were compared. There was a significant difference in the average VAS pain scores between groups ( p = 0.003). The VAS pain scores in the ranibizumab and bevacizumab groups were 0.81 ± 0.91 and 2.29 ± 1.49, respectively.
Patients ≥65 years of age in both the ranibizumab (19 patients) and bevacizumab (21 patients) group were compared. There was not a significant difference in the average VAS pain scores between groups ( p = 0.238). The VAS pain scores in the ranibizumab and bevacizumab groups were 1.27 ± 0.87 and 1.76 ± 1.61, respectively.
Patients were divided into two groups according to sex. In the ranibizumab group, there was not a significant difference in the average VAS pain scores between sexes ( p = 0.481). The VAS pain scores in the male and female groups were 0.93 ± 0.77 and 1.16 ± 1.01, respectively. Nor was there a significant difference between sexes in average VAS pain score in the bevacizumab group ( p = 0.163). The VAS pain scores in the male and female groups were 1.61 ± 1.29 and 2.35 ± 1.77, respectively.
Female patients in both the ranibizumab (19 patients) and bevacizumab (17 patients) groups were compared. There was a significant difference in the average VAS pain scores between groups ( p = 0.016). The female VAS pain scores in the ranibizumab and bevacizumab groups were 1.16 ± 1.01 and 2.35 ± 1.77, respectively.
Male patients in both the ranibizumab (16 patients) and bevacizumab (18 patients) groups were compared. There was not a significant difference in the average VAS pain scores between groups ( p = 0.078). The male VAS pain scores in the ranibizumab and bevacizumab groups were 0.93 ± 0.77 and 1.61 ± 1.29, respectively.
Discussion
VAS is frequently used as an assessment instrument to evaluate the analgesic effects of various therapies and to detect minute pain changes during analgesic administration. VAS is a simple tool to use on anyone cognitively capable of understanding the parameters and responding to clinician instructions. Indeed, its popularity is frequently attributed to the ease and convenience in a fast-paced clinical setting [10] . VAS has been widely used in ophthalmologic research [11] [12] [13] [14] . We evaluated the pain experiences of the patients with VAS because of its easy and quick use.
Moisseiev et al. [8] evaluated the correlation between pain associated with intravitreal bevacizumab injection and the location of the injection. They did not find any statistically significant difference in terms of pain experience between anatomical quadrants. In order to achieve standardization, we performed all injections into the infero- 30-Gauge ranibizumab 27-Gauge bevacizumab temporal quadrant. Knecht et al. [15] compared tunneled scleral intravitreal injection with straight scleral intravitreal injection in terms of short-term intraocular pressure changes, occurrence and amount of vitreous reflux, and patient discomfor. They did not find a difference in patient discomfort or intraocular pressure increase after the injection between groups. We used a straight injection technique in all patients. Green-Simms et al. [7] surveyed the intravitreal injection technique practice patterns of retinal specialists in the United States. They found that a majority of the survey participants used a 30-gauge needle for the intravitreal injection of ranibizumab (78%) and bevacizumab (60%).
The studies that have evaluated pain scores of patients during intravitreal injection with different needle calibers have reported contrasting results. Rodrigues et al. [16] reported that the patients injected with a 26-or 27-gauge needle experienced more pain compared to those injected with 29-or 30-gauge needles. Eaton et al. [17] reported that injections with a 33-gauge device were significantly faster, but there was no significant difference in the levels of pain between a 33-gauge device and a standard 30-gauge needle. Rif kin and Schaal [9] used 27-and 30-gauge needles for injection and determined that the caliber of the needle did not significantly affect the pain score. We found that intravitreal injection with a 30-gauge needle was less painful for the patients. According to our experience, it is easier and safer to pierce the sclera with a 30-gauge needle than a 27-gauge needle during intravitreal injection. One patient, a 43-year-old woman diagnosed with diabetic macular edema, experienced a complication during the intravitreal 27-gauge bevacizumab injection. The patient reported extreme pain during the intravitreal injection as the reason for head movement. The tip of the 27-guage needle touched the posterior capsule of the crystalline lens. Cataract development was detected at the control visit. The cataract was removed with a phacoemulsification technique, and a foldable IOL was placed into the sulcus.
A 27-gauge needle has a diameter of 413 µm, and a 30-gauge needle has a diameter of 311-µ [9] . Pulido et al. [18] reported that 27-gauge needles require almost twice the force to penetrate the sclera than 30-or 31-gauge needles. This may explain why patients experienced less pain with the 30-gauge needle in our study.
Rif kin and Schaal [9] demonstrated that the pain score was not significantly related to diagnosis. Moisseiev et al.
[8] also did not find a significant difference in the pain scores between any of the indications for the injection. We did not evaluate the relationship between the diagnosis and pain scores in this study.
Rif kin and Schaal [9] determined that patients aged >65 years reported a lower average pain score than those aged <65 years. Moisseiev et al. [8] found no correlation between pain score and patient age. To minimize the age factor, we formed two groups with similarly aged patients. We conducted a subgroup analysis according to two age groups: <65 and ≥65. Patients <65 years of age in the ranibizumab group reported a lower average pain score than those in the bevacizumab group. Patients ≥65 years old in the ranibizumab and bevacizumab groups were also compared, demonstrating no significant difference in average VAS pain scores.
Rif kin and Schaal [9] showed that female sex was associated with a lower post-injection pain score. Moisseiev et al. [8] demonstrated no statistically significant difference in pain score according to sex. In our study, there were no pain score differences between the sexes in the ranibizumab and bevacizumab groups. We also conducted a subgroup analysis for each sex. Female patients in the ranibizumab group reported a lower average pain score than those in the bevacizumab group. There was not a significant difference in the average pain score in male patients between the ranibizumab and bevacizumab groups.
Our study had some limitations. Forming the groups with same drug might have been more appropriate. Sensory innervation of the eye is provided by the peripheral axons of the primary sensory neurons located in the trigeminal ganglion [19] . The sensory nerves enter the eyeball mainly through the ciliary nerves and innervate all ocular tissues with the exception of the lens and the retina [19] . Since the retina has no nociceptors, and an equal volume of the drug was injected in both groups, we assumed that the pain sensation during intravitreal injection was mainly due to the caliber of the needle and so separated the patients accordingly. Another limitation of the study was the subjective character of the VAS. However, since there is not a quantitative technique to evaluate the amount of pain, the VAS was our best option.
In conclusion a 30-gauge intravitreal injection is more comfortable than a 27-gauge injection. Injection of bevacizumab with a 30-gauge needle syringe may be more tolerable for patients.
